Performance, survivability and carcass traits of crossbred lambs from five paternal breeds with local hair breed Santa Inês ewes  by Paim, Tiago do Prado et al.
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a  b  s  t  r  a  c  t
The  present  study  aimed  to evaluate  the  performance,  survivability  and  carcass  traits  of
crossbred lambs.  Data  from  299  lambs  born  to  209  ewes  were  used.  The  dams  were  from  a
local  hair  breed  (Santa  Inês)  and  ﬁve  breeds  of  sires  were  used:  Dorper  (DR),  Ile  de  France
(IF), Hampshire  Down  (HD),  Texel  (TX)  and  Santa  Inês (SI).  The  lambs  were  weighed  at  birth,
weaning and  slaughter.  Fasting  body  weight,  skin  thickness,  hot  and  cold  carcass  weight,
carcass  yield  and  carcass  length  were  measured  at slaughter.  Carcasses  were  separated
into  commercial  cuts:  neck,  shoulder,  rib, belly,  loin  and  leg. Leg  length  and  circumference
were  measured.  Analyses  of  variances  using  MIXED  procedure  in  SAS® were  carried  out
for weights  and  carcass  traits.  Factor,  discriminant  and  canonical  analysis  were  carried  out.
Mortality  data  of animals  from  birth  until  slaughter  was  analyzed  using  logistic  regression.
The  HD  animals  had  the highest  mortality  rate.  TX  lambs  had  similar  growth  rate  and  sur-
vivability  compared  to  DR  and  IF and  had  better  carcass  traits  than  these  genetic  groups.
Therefore,  this  breed  can  be used  as paternal  breed  to crossbreeding  with  Santa  Inês  dams.
Santa  Inês  animals  did  not  differ  in  growth  from  birth  until  slaughter  compared  to cross-
bred animals,  which  highlights  the potential  of  this  naturalized  breed  for meat  production.
Moreover,  there  is  a great  variability  inside  this  breed  for  carcass  and  growth  traits  which
may undergo  great  improvement  through  selection  programs.
 . Introduction
Brazilian meat sheep production is growing, but
esearch is required to evaluation of slaughter weight
nd genetic groups to improve the production efﬁciency,
ttending consumer demands (Garcia et al., 2009). Most of
heep production in northeast and center-west regions is
ased on poorer quality naturalized hair sheep, therefore
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enhancing the productive capacity of the ﬂock is becoming
a priority in Brazil (McManus et al., 2010).
One alternative is using the potential of different breeds
and/or genetic groups, using crossbreeding schemes and/or
selection programs (Neto et al., 2010). Crossbreeding has
become more popular in an attempt to slaughter lambs ear-
lier and with better carcass traits (McManus et al., 2010).
Crossbreeding exploits desirable traits of each breed as well
Open access under the Elsevier OA license.as heterosis in the ﬁrst generation (Dickerson, 1970).
The Santa Inês, a naturalized hair breed, is known for
its low-fat meat production and good maternal traits pro-
viding an opportunity for crossbreeding with specialized
minant RT.d.P. Paim et al. / Small Ru
meat breeds, enhancing production efﬁciency. However,
few studies evaluating crossbred animal development has
been undertaken (Furusho-Garcia et al., 2006), especially
using naturalized maternal breeds. According to Barros
et al. (2005),  Dorper × Santa Inês lambs production in feed-
lots with high concentrate diets is economically feasible.
Most crossbreeding studies in Brazil have been carried out
with Santa Inês as the dam breed and Texel is the most pop-
ular sire breed but the majority of these studies evaluated
only two or three genetic groups (McManus et al., 2010).
Frequently the naturalized breeds present inferior pro-
ductivity when compared with other breeds selected for
higher weight gain and meat quality. For example, Ile
de France and Texel are breeds noted for weight gain
and carcass quality; however, their performance in trop-
ical environments may  not match that of tropical breeds
adapted to the region, such as the Santa Inês hair sheep.
Therefore, the farmer has to choose between a less produc-
tive breed that is well-adapted to the local environmental
conditions and resistant to parasites or a highly produc-
tive breed that is not well-adapted to the climate and is
more susceptible to parasites (McManus et al., 2009). A
third option is the use of crossbreeding of a susceptible
breed, of elevated productivity, as the sire breed with a
resistant, but less productive maternal breed (Amarante
et al., 2009).
The present study aims to evaluate the performance,
survivability and carcass traits of lambs from crosses
between ﬁve sire breeds (Dorper, Hampshire Down, Ile de
France, Texel and Santa Inês) with Santa Inês dams reared
at semi-intensive system, characterizing an environment
close to commercial production conditions.
2. Material and methods
Data was  available from 299 lambs born to 209 ewes. The dams
were Santa Inês breed and ﬁve breeds of sires were used: Dorper, Ile de
France, Hampshire Down, Texel and Santa Inês. Average age of the ewes
was  3.71 ± 1.67 years. Three rams of each paternal breed were used. All
rams were bought from different sources, they were from different farms
and did not contain any common ancestors for at least ﬁve generations.
Another study of ours (still in revision) evaluated the geographical dis-
tribution of genetics by breed in Brazil and these rams were chosen as
being representative of the main ﬂocks per breed. The ewes were divided
randomly in 15 breeding groups, each with a single ram.
The breeding season lasted 60 days (March and April). During this
period, the ewes were reared in a semi-intensive system, on Panicum
maximum cv. Tanzânia pasture during day and receiving 200 g of concen-
trate (18% protein)/ewe/day at night, when they were housed and stayed
with the ram. The rams were separated from ewes during the day when
they received 300 g of concentrate (18% protein)/ram/day. The concen-
trate was  formulated from soybean meal and ground corn. Mineral salt
was  available ad libitum. Ewes were vaccinated against clostridia disease,
salmonelloses and pasteurelloses in the ﬁnal third of the gestation.
Lambs were born between August and September. After birth, the
lambs were identiﬁed individually, umbilicus was treated and lambs
weighed (BW). The lambs remained full time with their dams, at pas-
ture  during the day (from 8 h until 16 h) and at night they were housed in
a  covered shed with a cement ﬂoor. Dams received 200 g of concentrate
(18% protein)/ewe/day and lambs had free access to creep feeding (22%
protein). Fortnightly, lambs were weighed and parasite load measured.
If  the mean parasite load was higher than 1000 eggs/g of feces, animals
were dewormed.
Weaning was carried out at 90 days of age. The lambs were weighed
(WW)  and weights from birth to weaning were used in a regression anal-
ysis  and the slope was used as average daily weight gain from birth until
weaning (AWGW).esearch 112 (2013) 28– 34 29
After weaning, the animals were reared in a semi-intensive system.
During the day (from 8 h until 16 h), they stayed on a pasture of P. max-
imum cv. Tanzânia and, during night, they were housed and received a
supplementation of 200 g concentrate (18% protein)/animal/day. The ani-
mals were weighed fortnightly and a regression analysis for each animal
gave the average daily weight gain from weaning until slaughter at 250
days of age (AWGS).
Animals were slaughtered after 24-h fasting and, before slaughter, the
fasting body weight (SBW) and skin thickness (ST) at rear ﬂank, using a
caliper, were measured. Slaughter was conducted by stunning and then
bleeding. After evisceration and skinning, the Hot Carcass Weight (HCW)
was  measured. HCW was  used to calculate the carcass yield (Y) based on
SBW (Y = HCW/SBW). Carcass length (CL) was measured from last cervical
vertebra to ﬁrst caudal vertebra.
The carcasses were placed in a cold chamber (0 ◦C) where they
remained for 24 h. Cold Carcass Weight (CCW) was measured and car-
casses were separated into commercial cuts: neck, shoulder, rib, belly, loin
and leg. Leg length (LL) and circumference (LC) was measured using a met-
ric tape. Commercial cut weights were used to calculate the proportional
yield of each cut in relation to CCW.
Animal weights from birth until slaughter were used in a regression
analysis with age and the slope was used to estimate average daily weight
gain (ADW). BW,  ADW, AWGW and AWGS were analyzed using analysis of
variance with the MIXED procedure in SAS® , with sex, birth type (single
or  twin), month, age of the dam, genetic group (GG), and the interac-
tion between them as ﬁxed effects and sire within GG as a random effect.
Analysis of variances using MIXED procedure in SAS® were carried out for
carcass traits, using GG, sex and month as ﬁxed effects, age at slaughter
as  a covariate and sire within GG as a random effect. Mean comparison
was  carried out using an adjustment for Tukey with Least Squares Means
using the pdiff statement of SAS® . Correlation analyses (CORR procedure)
between live weights, commercial cut weights and proportions were car-
ried out. Factor analyses (FACTOR procedure) aimed to verify the relation
between the variables, with commercial cut weights and proportions ana-
lyzed separately. Discriminant analyses (DISCRIM procedure) veriﬁed the
ability of the data to classify the animals into genetic groups. A canonical
analysis with all data (CANDISC) was carried out to verifying the relation
between individuals depending on the traits measured.
Mortality data of animals from birth until slaughter was  analyzed
using LOGISTIC (evaluating odds ratio and contrasts between genetic
groups) and LIFETEST (plotting survival probabilities) procedures in SAS.
The effect of GG, sex, age of the dam, month of birth and birth type were
evaluated. Deaths was  separated according to age of animal in stillborn (0
days), perinatal (<30 days), late suckling (30–90 days) and weaned (>90
days). This was  also analyzed using chi-square test to evaluate effect of
GG,  sex, age of the dam, birth type and month.
3. Results
SI animals had lower birth weight than other genetic
groups (Table 1). There was effect of sire inside genetic
group for birth weight in HD and SI animals. The birth type
inﬂuence the birth weight, lambs born as single weighed
4.02 kg while as twins weighed 3.29 kg. The average daily
weight gain from birth until weaning (AWGW) of SI animals
was lower than for IF and DR (Table 1). For weights, there
was signiﬁcantly effect of sire inside DR, IF and SI genetic
groups.
TX animals showed higher carcass length and leg weight
than others genetic groups (Table 2). TX animals also had
higher loin weight than HD animals. And DR animals had
the shortest leg and lower leg circumference than TX ani-
mals. Sire inside genetic group had a signiﬁcant effect for
SBW, rib and loin weights.
The correlations showed that commercial cut weights,
carcass weights and live weights increase together
(r > 0.75), exception for loin weight that had correlations
between 0.5 and 0.65 with carcass weights and others com-
mercial cuts. The proportions of commercial cuts showed
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Table  1
Least square means of average daily weight gain (ADW), average weight gain from birth until weaning (AWGW), average weight gain from weaning until
slaughter (AWGS) and birth weight (BW) from animals of ﬁve genetic groups of sheep: Dorper × Santa Ines (DR), Hampshire × Santa Ines (HD), Ile de
France × Santa Ines (IF), Santa Ines (SI) and Texel × Santa Ines (TX).
DR HD IF SI TX
ADW (g/day) 98 ± 8.37  100.2 ± 14.56 108.6 ± 11.27 93.2 ± 10.19 107.9 ± 11.07
AWGW (g/day) 147.1 ± 10.45a 142.4 ± 18.18ab 152.5 ± 14.07a 111.2 ± 12.71b 133.5 ± 13.81ab
AWGS (g/day) 54.9 ± 9.82 74.1 ± 9.82 72.34 ± 12.02 81.95 ± 10.98 84.28 ± 10.5
BW  (kg) 3.68 ± 0.12a 3.83 ± 0.12a 3.89 ± 0.11a 3.28 ± 0.11b 3.60 ± 0.14a
n 47 62 56 78 56
a,b,cDifferent letters in the same row means statistical difference at P < 0.05. n: number of observations by genetic group.
Table  2
Least square means of carcass traits from animals of ﬁve genetic groups of sheep: Dorper × Santa Ines (DR), Hampshire × Santa Ines (HD), Ile de France × Santa
Ines  (IF), Santa Ines (SI) and Texel × Santa Ines (TX).
DR HD IF SI TX
ST (cm) 1.93 ± 0.17 1.68 ± 0.42 1.58 ± 0.26 1.67 ± 0.29 1.69 ± 0.39
SBW  (kg) 24.65 ± 0.88 24.27 ± 2.15 25.62 ± 1.31 26.62 ± 1.49 27.07 ± 1.99
HCW  (kg) 11.17 ± 0.45ab 10.44 ± 1.10b 11.44 ± 0.67ab 12.48 ± 0.77a 12.91 ± 1.02a
Y 0.45 ± 0.007ab 0.43 ± 0.017b 0.45 ± 0.011ab 0.47 ± 0.012a 0.48 ± 0.016a
CL (cm) 54.9 ± 0.71c 55.18 ± 1.74bc 55.37 ± 1.06bc 57.8 ± 1.21b 58.7 ± 1.61a
CCW (kg) 10.87 ± 0.45ab 10.04 ± 1.09b 11.12 ± 0.67ab 12.07 ± 0.76a 12.51 ± 1.01a
Shoulder (kg) 1.02 ± 0.043b 0.96 ± 0.105b 1.06 ± 0.064ab 1.13 ± 0.073ab 1.17 ± 0.097a
Rib (kg) 1.39 ± 0.073bc 1.23 ± 0.177c 1.40 ± 0.108bc 1.62 ± 0.123ab 1.71 ± 0.164a
Neck (kg) 0.45 ± 0.033 0.46 ± 0.081 0.49 ± 0.049 0.53 ± 0.056 0.48 ± 0.074
Belly  (kg) 0.21 ± 0.033b 0.22 ± 0.035ab 0.25 ± 0.046ab 0.28 ± 0.027ab 0.29 ± 0.025a
Loin (kg) 0.55 ± 0.029ab 0.44 ± 0.071b 0.46 ± 0.044ab 0.54 ± 0.05ab 0.61 ± 0.066a
Leg (kg) 1.93 ± 0.078b 1.91 ± 0.19b 2.01 ± 0.116b 2.05 ± 0.132b 2.35 ± 0.175a
LC (cm) 29.78 ± 0.72b 29.91 ± 1.74ab 31.40 ± 1.07ab 31.08 ± 1.21ab 32.12 ± 1.61a
LL (cm) 36.95 ± 0.54b 39.22 ± 1.31a 38.30 ± 0.80a 39.62 ± 0.91a 39.94 ± 1.21a
SP 0.19 ± 0.003 0.188 ± 0.008 0.191 ± 0.005 0.186 ± 0.006 0.185 ± 0.008
RP  0.256 ± 0.006ab 0.251 ± 0.015b 0.252 ± 0.009ab 0.269 ± 0.010a 0.276 ± 0.014a
NP 0.083 ± 0.004ab 0.091 ± 0.010a 0.09 ± 0.006ab 0.087 ± 0.007ab 0.077 ± 0.009b
LP 0.097 ± 0.003 0.084 ± 0.008 0.087 ± 0.005 0.090 ± 0.006 0.097 ± 0.008
LegP  0.345 ± 0.005 0.343 ± 0.013 0.348 ± 0.008 0.341 ± 0.009 0.347 ± 0.012
BP  0.04 ± 0.003 0.039 ± 0.003 0.041 ± 0.004 0.041 ± 0.003 0.042 ± 0.002
n  31 12 31 44 32
a,b,cDifferent letters in the same row means statistical difference at P < 0.05. ST: skin thickness; SBW: shrunk body weight; HCW: hot carcass weight;
Y eight; 
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IF and DR.
Mortality rate from birth until slaughter was 49.83%. The
male lambs died more than females (56.3% vs 43.75%, odds
Table 3
Percentage of animals classiﬁed in each genetic group by discriminant
analysis using data of carcass traits and birth, weaning and slaughter
weights, commercial cut weights and proportions of hot carcass weights.
DR HD IF SI TX
DR 92.9 0 7.1 0 0
HD 0 75 0 25 0
IF 5.9 0 76.5 17.7 0:  carcass yield (Y = HCW/SBW); CL: carcass length; CCW: cold carcass w
ircumference; LL: leg length. SP, RP, NP, LP, LegP, BP: proportions of com
eight basis; n: number of observations by genetic group.
hat shoulder proportion (SP) decreased with higher SBW
r = −0.51), HCW (r = −0.52), CCW (r = −0.52) and carcass
ength (r = −0.34). These relations also were seen in the
actor analysis (Fig. 1).
The canonical analysis showed DR animals separated
rom others, with TX and HD animals close together and
I and IF animals mixed (Fig. 2). The discriminant analy-
is using commercial cut weights classify all TX animals
orrectly into their group or in SI group, these differ-
ng from other crossbred groups. The main variables that
iscriminate between genetic groups were loin weight
partial R2 = 0.11), leg circumference (R2 = 0.18), leg weight
R2 = 0.14), neck weight (R2 = 0.21) and weaning weight
R2 = 0.17). The discriminant analysis using the proportion
f commercial cuts in relation to hot carcass weight showed
 poorer classiﬁcation of DR, IF and SI groups and better
lassiﬁcation of TX animals compared to the previous dis-
riminant analysis. The main variables that discriminate
etween genetic groups here were loin proportion (partial
2 = 0.36) and rib proportion (partial R2 = 0.16).
The discriminant analysis using all data classiﬁed cor-
ectly higher than 75% the crossbred genetic groups
Table 3). The main variables that discriminate betweenshoulder, rib, neck, Belly, loin, leg: weights of commercial cuts; LC: leg
l cuts (shoulder, rib, neck, loin, leg and Belly, respectively) in hot carcass
genetic groups using all data were loin proportion (partial
R2 = 0.36), leg circumference (R2 = 0.17) and rib proportion
(R2 = 0.15). The discriminant differentiation between each
pair of genetic groups (Table 4) showed that: DR animals
differ from other genetic groups mainly due to leg length,
HD animals differed in loin proportion, SI differ in rib pro-
portion and TX animals differ in leg circumference from SI,SI 5.9 11.8 11.8 64.7 5.9
TX 0 0 0 11.1 88.9
DR: Dorper × Santa Inês; HD: Hampshire × Santa Inês; IF: Ile de
France × Santa Inês; SI: Santa Inês; TX: Texel × Santa Inês.
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Table 4
Differentiation between ﬁve genetic groups of lambs using data of carcass traits and birth, weaning and slaughter weights, commercial cut weights and
commercial cuts proportion in hot carcass weight basis.
HD IF SI TX
DR LP, LL, NP, WW LL, NP, leg LL, leg, neck, RP, SP LC, LL, WW
HD  LP, WW,  SP, Y LP, RP WW,  leg, loin, LP
IF Loin, RP LC, RP, WW,  loin
SI LC, neck
× Santa 
th; NP: nDR: Dorper × Santa Inês; HD: Hampshire × Santa Inês; IF: Ile de France 
proportion; SP: shoulder proportion; LC: leg circumference; LL: leg leng
commercial cuts weights respectively.
ratio = 2.15). Animals birth as twin died more than singles
(67.37% vs 41.58%, odds ratio = 2.42). The HD genetic group
had higher mortality than others (80.69%; P < 0.001 in con-
trast test of HD versus others genetic groups, DR = 34.04%;
IF = 44.64%, SI = 43.42% and TX = 42.86%). The survival prob-
abilities of each genetic group from birth until 150 days of
life are showed in Fig. 3. This shows the high mortality in
HD, especially early in life.
The main death period was from birth until 30 days
of life, representing 52.74% of total deaths, with 74.33%
of deaths occurred before weaning (90 days of life), since
10.14% were stillborn and 11.49% died between 30 and 90
days of life. The deaths after weaning represent 25.67% of
total deaths. The HD group had higher death rate from birth
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Fig. 1. Two  ﬁrst factors showing the relation between commercial cuts
weights (shoulder, rib, leg, neck, loin) (a), proportion of commercial cuts
(b)  and carcass measures and shrunk body weight (SBW). LC: leg cir-
cumference; LL: leg length; HCW: hot carcass weight; CCW: cold carcass
weight; CL: carcass length; Y: carcass yield; BW:  birth weight; WW:  wean-
ing  weight; ST: skin thickness; NP, SP, RP, LP, LegP: neck, shoulder, rib,
loin and leg proportion in HCW basis, respectively. The value between
parentheses means the proportion of variance explained by each factor.Inês; SI: Santa Inês; TX: Texel × Santa Inês. RP: rib proportion; LP: loin
eck proportion; WW:  weaning weight; Y: carcass yield; leg, neck, loin:
until 30 days of life with a higher stillborn rate compared
to other genetic groups.
4. Discussion
The SI animals had the lowest birth weight (BW), which
is expected since the most previous crossbreeding studies
also showed this (Machado et al., 1999; Garcia et al., 2009).
As the SI group is the only purebred group in this study,
this result can indicate a heterosis effect on birth weight
as the others breed used are known as higher birth weight
than SI. As explained by Hatcher et al. (2010),  extreme birth
weights are not desirable because a low BW is related to
higher lamb mortality and high BW is related to higher
dystocia. In the present study, the SI animals did not show
higher mortality rates and the crossbred lambs were not
related with a higher dystocia rate. Therefore, this differ-
ence in BW between genetic groups did not seem to be
important for the production system.
The AWGW of SI animals was  lower than for IF and
DR, however ADW and AWGS did not differ between
genetic groups. Therefore, the SI showed late develop-
ment compared to IF and DR. Nevertheless, looking at
the whole productive system (form birth until slaughter),
these results demonstrate the good potential of Santa Inês,
a naturalized breed, for meat production. Similar results
between Santa Inês and their crosses with specialized
meat-type breeds also are found in literature (Machado
et al., 1999; Garcia et al., 2009).
The mortality rate from birth until slaughter found
in this study (49.83%) can be considered very high and
Fig. 2. Two  ﬁrst canonical variables (Can1 and Can2) and class means on
canonical variables (means) evaluating the individuals in genetic groups
using live weights, carcass traits as well as commercial cut weights and
proportions in crossbred sheep in the Federal District, Brazil. DR: Dor-
per × Santa Inês; HD: Hampshire × Santa Inês; IF: Ile de France × Santa
Inês; SI: Santa Inês; TX: Texel × Santa Inês.
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emonstrated that the rearing conditions in this study were
ighly challenging, however other studies found similar
alues (da Nobrega et al., 2005; Everett-Hincks and Dodds,
007). Lamb loss between birth and weaning in Australian
erino sheep has been estimated to be more than 30%
Hatcher et al., 2010). Therefore, high lamb mortality rate
s an important challenge for sheep production systems.
Male lambs and lambs born as twins had higher mor-
ality rates. This was expected, since male lambs require
ore nutrients than females and twin lambs had lower
other care and milk availability than single lambs. The sex
nd birth type effect on lamb survivability is already well
nown (Machado et al., 1999; Barros et al., 2004; Barros
nd Lobo, 2007).
The HD group had higher mortality rate than other
enetic groups. The causes of death are not well known, but
his result show the lower adaptation degree of this breed
o the environment conditions of this study. Machado
t al. (1999) also found a lower survival rate (71.4%) for
ampshire Down crossbred compared to Santa Inês pure-
red, Suffolk and Texel crossbred lambs (89%, 84.8%, 90.2%,
espectively). Other studies also found negative results
or survivability of Hampshire Down lambs (Barros et al.,
004). Therefore, these results do not support the recom-
endation of it as a paternal breed for crosses with Santa
nês dams.
Hatcher et al. (2010) stated that heritability of lamb
urvival is low for direct (0.02–0.05) and maternal genetic
0.03–0.07) effects. These authors concluded that selection
ill result in little genetic gain in this trait.
TX animals had the highest carcass length and leg
eight. The carcass yield of TX group was higher than for
he HD group, while the neck proportion (a low-value cut)
as higher in HD group than TX. TX had higher loin weighthan HD group. The TX also have higher belly weight and
eg circumference than the DR group. These results high-
ight the use of Texel as a sire breed, being preferable to
thers for crossbreeding with Santa Inês dams.enetic groups of sheep in the Federal District, Brazil.
Barros et al. (1994),  evaluating Santa Inês, Ile de France,
Texel, Hampshire Down, Suffolk rams mated with mixed
ewes, also found that Texel rams improve the growth
rate of lambs. Villarroel et al. (2006) also recommended
Texel rams for crossbreeding with mixed ewes in north-
east of Brazil due to higher growth rate, mainly after
weaning. Garcia et al. (2009) informed better growth of
high-value commercial cuts and more fat deposition in
animals from Texel crosses compared to Santa Inês and
Bergamasca × Santa Inês animals. However, these authors
found similar results for growth between Texel and Ile de
France crosses.
In another study, using Ile de France, Texel and Santa
Inês crosses, Paim et al. (2011) found that Texel animals
proportionate 12% decrease in carcass cost compared to
purebred Santa Inês. These authors also recommended
Texel as paternal breed for crossbreeding system with
Santa Inês dams. Moreover, in a study evaluating the effect
of the same genetic groups on fatty acid proﬁle of meat, the
Texel × Santa Inês had the highest levels of desirable fatty
acids (66.78%) (Landim et al., 2011). This genetic group also
had the lowest n-6 to n-3 ratio (3.41) which is good in terms
of human health. Therefore, these authors concluded that
the meat from Texel × Santa Inês lambs had better fatty acid
proﬁles for human health.
In a study evaluating the degree of resistance to nat-
urally acquired gastrointestinal nematode infections in
sheep of the following genetic groups: purebred Santa Ines
(SI), SI × Dorper (DO), SI × Ile de France (IF), SI × Suffolk
(SU), and SI × Texel (TE), during the period of exposition to
infection, the TE animals had the lowest body weight reduc-
tion (12%) compared to SU (15.9%). Nevertheless, these
authors concluded that crossbreeding Santa Inês sheep
with any of the breeds evaluated can result in a production
increase and the maintenance of a satisfactory degree of
infection resistance, especially against Haemonchus contor-
tus and Trichostrongylus colubriformis, the major nematodes
detected in the ﬂock (Amarante et al., 2009).
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The DR group showed shorter leg length than other
genetic groups. This group also had lower carcass length, rib
weight and proportion than SI and TX animals. Therefore,
despite the similar growth rate of Dorper crosses compared
to other genetic groups, the carcass traits did not support
using Dorper as sire breed for crossbreeding with Santa Inês
dams. This result is contrary to that of Neto et al. (2010) who
stated that Dorper breed had an important role for improv-
ing growth performance, being indicated as sires in the
terminal crossbreeds. Nevertheless, these authors evaluate
only the weaning weight of lambs. For this trait, the Dor-
per crosses also showed good performance in the present
study, having higher AWGW than SI animals; however the
carcass evaluation presented negative results for Dorper
crosses. This highlights the importance of a crossbreeding
scheme recommendation based on the whole productive
system evaluation.
The canonical analysis evaluating individuals of each
genetic group using all data demonstrated DR animals sep-
arated from others, which agree with the poorer results for
carcass traits found. In this analysis, it is possible to perceive
a subset of SI animals separate from other genetic groups,
and other SI individuals mixed with HD, TX and IF. This can
be related to the effect of sire inside genetic group in BW,
WW,  SBW, rib and loin weights. Therefore, it demonstrates
the great variability present in Santa Inês breed for car-
cass and growth traits which may  permit genetic improve
through selection programs inside the breed. This may  be
a reﬂection of the genetic subdivision seen in the breed by
Paiva et al. (2005),  Carneiro et al. (2010) and McManus et al.
(2009).
The discriminant analysis using all data (Table 3) clas-
siﬁed all TX animals into TX or SI group, separating it from
other crossbred groups. Therefore, the TX animals differ
from other genetic groups due to leg circumference, leg
weight, loin weight and proportion, neck weight and wean-
ing weight. Furthermore 75% of individuals from other
crossbred groups were correctly classiﬁed into their cor-
rect group, so leg circumference, loin and rib proportion
were able to discriminate between crosses and the pure-
bred Santa Inês.
The discriminant analysis using the proportion of com-
mercial cuts showed a lower level of correct classiﬁcation
for DR, IF and SI groups and better classiﬁcation for TX ani-
mals compared to the other analysis. Therefore, the loin and
rib proportion were most able to discriminate TX animals
from the other variables. In this analysis, a high proportion
of DR group was misclassiﬁed into SI group (23.5%) show-
ing that some crossbred Dorper did not differentiate from
purebred Santa Inês in relation to these proportions.
5. Conclusion
Santa Inês animals did not differ in growth from birth
until slaughter compared to crossbred animals, which
highlight the potential of a naturalized breed for meat
production, despite that these results need be conﬁrmed
by a large dataset of offspring from many sires within
breed. Nevertheless, these results showed that local breed
in highly challenging environment, can have similar per-
formance compared to crosses because the losses inesearch 112 (2013) 28– 34 33
adaptation may  outweigh the beneﬁt of heterosis. More-
over, there is a great variability inside this breed for carcass
and growth traits which may  proportionate good results
for selection programs. The crossbred Hampshire Down
lambs had the lowest survivability. The crossbred Dorper
lambs had worse carcass traits than other genetic groups.
Hence these two breeds are not recommended for use in
this crossbreeding scheme. The crossbred Texel lambs had
similar growth rate and survivability compared to cross-
bred Dorper and Ile de France and had better carcass traits
than these genetic groups. Therefore, this breed can be used
as paternal breed to crossbreeding with local hair breeds
such as Santa Inês to improve carcass traits in tropical sheep
systems.
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